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Abstract 
Translocation can be stressful for wildlife. Stress may be important in fauna translocation because it 
has been suggested that it can exacerbate the impact of infectious disease on translocated wildlife. 
However, few studies explore this hypothesis by measuring stress physiology and infection indices in 
parallel during wildlife translocations. We analysed faecal cortisol metabolite (FCM) concentration 
and endoparasite parameters (nematodes, coccidians and haemoparasites) in a critically endangered 
marsupial, the woylie (Bettongia penicillata), 1–3 months prior to translocation, at translocation, and 
6 months later. FCM for both translocated and resident woylies was significantly higher after 
translocation compared to before or at translocation. In addition, body condition decreased with 
increasing FCM after translocation. These patterns in host condition and physiology may be indicative 
of translocation stress or stress associated with factors independent of the translocation. Parasite 
factors also influenced FCM in translocated woylies. When haemoparasites were detected, there was a 
significant negative relationship between strongyle egg count and FCM. This may reflect the 
influence of glucocorticoids on the immune response to micro- and macro-parasites. Our results 
indicate that host physiology and infection patterns can change significantly during translocation, but 
further investigation is required to determine how these patterns influence translocation success. 
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Introduction 
Translocation involves the deliberate transport and release of animals from one site to another and is a 
widely applied strategy in wildlife management (Dickens et al. 2010). Identifying factors that 
influence the health and welfare of translocated wildlife is important to achieve positive conservation 
outcomes, including establishing new populations, supplementing wild populations and mitigating the 
impact of anthropogenic activities (Harrington et al. 2013). Physiological stress is a key factor that has 
been suggested to influence animal health and welfare and translocation success (Teixeira et al. 2007). 
It is increasingly recognised that translocation involves potential cumulative physical, physiological 
and psychological stressors (challenging stimuli), including capture, handling, confinement, transport 
and release into an alien environment (Teixeira et al. 2007; Dickens et al. 2010). 
When animals encounter stressors, this activates the hypothalamic pituitary adrenal (HPA) axis, the 
essential neuroendocrine response that endeavours to maintain homoeostasis through change 
(allostasis) (McEwen 2005). When stressors are unusual, unpredictable, severe, prolonged or 
cumulative, as they may be during translocation (Teixeira et al. 2007), the capacity for the HPA axis 
to maintain homoeostasis may be overwhelmed (allostatic overload) (McEwen 2005; Busch and 
Hayward 2009). HPA axis dysregulation, failure of the negative feedback system, may result in either 
hypo- or hyper-activity of the HPA axis when stressors are encountered (Dickens et al. 2010). 
Dickens et al. (2010) outline the theoretical basis for chronic stress in translocated wildlife, including 
a prolonged increase in glucocorticoids and HPA axis dysregulation. For example, evidence of HPA 
axis dysregulation was found in chukar partridge (Alectoris chukar) five days after translocation 
(Dickens et al. 2009) and Capiro et al. (2014) found that faecal cortisol metabolites were elevated in 
three Indian rhinoceros (Rhinoceros unicornis) up to nine weeks after they were translocated between 
zoos. 
Chronic stress can compromise immune function and increase susceptibility to infectious disease 
(Martin 2009). Hence, recommendations have been made for studies that measure stress physiology 
and infection parameters in wildlife translocation (Letty et al. 2000; Dickens et al. 2010). However, a 
review of 199 mammalian and avian reintroduction projects found that only three projects measured 
stress indicators and only one examined parasite parameters (Harrington et al. 2013). To date, 
translocation stress studies suggest that chronic stress, days to months after translocation, is 
potentially a major factor in translocation failure (Teixeira et al. 2007; Dickens et al. 2009). Infectious 
disease is also acknowledged as a significant threat to wildlife involved in translocations (Aiello et al. 
2014). However, the relationship between stress and infection patterns in wildlife translocation 
remains a neglected area in wildlife research. 
Translocation is a mainstay of conservation management of threatened Australian fauna, including 
critically endangered species such as the woylie (Bettongia penicillata) (Morris et al. 2015). Woylies 
are small (1–1.8 kg) nocturnal marsupials and important ecosystem engineers (Fleming et al. 2014). 
They were once abundant across much of Australia but today are listed as critically endangered; their 
current decline, which began in 1999, is ongoing (Wayne et al. 2013). Only two remnant populations 
remain in south-west Western Australia (within the Greater Kingston National Park and Dryandra 
Woodland) (Wayne et al. 2013). To ensure the species’ survival, several thousand woylies have been 
translocated to over fifty different sites across Australia (including sanctuaries, reserves and predator-
free off-shore islands), making it perhaps one of the most abundantly translocated Australian native 
animal species (Groom 2010; Morris et al. 2015). 
In 2014, as part of ongoing conservation efforts in south-west Western Australia, woylies were 
translocated from a fenced sanctuary (Perup Sanctuary) to two unfenced reserves (Warrup and 
Walcott) within the Greater Kingston National Park. A parallel but separate study, focusing on the 
same translocation event as the current study, suggested that increases in some parasite parameters 
(prevalence of coccidian parasites and strongyle nematode egg counts) at one of the destination sites 
after translocation may be associated with translocation stress (Northover et al. 2015). Stress has also 
been suggested as a factor that may influence the impact of infectious disease on translocated eastern 
bettongs (Bettongia gaimardi), a species closely related to woylies (Portas et al. 2014). Others assert 
that stress and parasites are not a concern in the translocation of related species such as burrowing 
bettongs (B. lesueur)(Bannister et al. 2016). However, there is a paucity of studies measuring stress 
physiology and infection indices to test these hypotheses, particularly chronic stress beyond the 
immediate period after translocation. In this current study, we aimed to test these outstanding 
hypotheses. 
We investigated the influence of host, season and parasitological factors on the stress physiology of 
both translocated and resident woylies (residing in the destination sites) during a translocation to 
supplement a wild population. Faecal cortisol metabolites (FCM) were measured as indicators of host 
stress physiology (von der Ohe and Servheen 2002). This minimally invasive approach is particularly 
useful for stress physiology evaluation in wildlife, including woylies (Hing et al. 2014). We analysed 
FCM and parameters of helminth and protozoan parasites before, at and after translocation in light of 
two key questions: (1) did translocation influence woylie stress physiology? and (2) among 
translocated woylies, what factors (including parasite parameters and anti-parasitic treatment) were 
associated with host stress physiology? 
 
Materials and Methods 
Trapping and Sample Collection 
This study was carried out during an established translocation programme and included a total of 203 
individual woylies, which were a randomly selected subset of the total number of woylies involved in 
the translocation for which adequate faecal samples were available. In June 2014, over three 
consecutive nights, woylies were trapped from Perup Sanctuary (a 423 ha predator-proof enclosure) in 
south-west Western Australia. After capture and processing, translocated woylies were transported 
20 km (approximately 30 min by vehicle) to one of two unfenced destination sites within the Greater 
Kingston National Park, Warrup and Walcott. At the time of translocation, half of the translocated 
woylies included in this study (n = 18/39 translocated woylies) were treated with a subcutaneous 
injection (0.2 mg/kg) of the anti-parasitic drug ivermectin (Ivomec©) as part of a parallel but separate 
study on the same translocation event (Northover et al. 2015). Trapping was also undertaken at Perup 
Sanctuary 3 months before the translocation (March 2014). Resident woylies at the destination sites, 
Warrup and Walcott, were trapped 1–2 months before the translocation (April/May 2014) and 
6 months after the translocation (December 2014) (Table 1). 
All trapping was carried out using 22 cm × 22 cm × 58 cm wire cage traps (Sheffield Wire Products, 
Welshpool, WA) baited with universal bait (oats, peanut butter and sardines). Traps were set before 
sunset and checked the following morning, except during translocation when all trapping, capture and 
handling was carried out overnight. Woylies were individually identified by unique ear tag codes in 
both ears (Monel self piercing tag, National Band and Tag Company, Newport, KY, USA). Animals 
were weighed, and head length was measured (mm). Sex and age were recorded, and females were 
checked for the presence or absence of pouch young. Pouch young size was also measured (crown-
rump length, mm) where applicable. 
Blood (400–1000 μl) was collected from the lateral caudal (tail) vein into an EDTA MiniCollect tube 
(Greiner Bio-One, Germany) and stored at −20°C for Trypanosomahaemoparasite DNA extraction 
and PCR. Faeces were collected from newspaper laid underneath the trap. Immediately following 
collection, faeces were temporarily stored in a cooler for transportation. Within 6 h of collection, two 
grams of each sample was placed in 10% buffered formalin at 4°C for faecal flotation, and the 
remainder was frozen at −20°C for FCM assays. The number of faecal samples included in this study 
is detailed in Table 1. 
Faecal Cortisol Metabolites (FCM) Enzyme Immunoassay (EIA) 
Using methods previously described (Hing et al. 2016a), faecal samples were freeze-dried, cortisol 
metabolites extracted (0.2 g dry weight) using 90% ethanol and heat treatment, and the concentration 
of FCM (picograms per gram of faeces dry weight) was measured by polyclonal anti-cortisol antibody 
(R4866) enzyme immunoassay (EIA). This assay has been laboratory-validated by demonstrating: 
parallelism (based on the 50% binding point on the parallelism curve), percentage recovery 
(88%; y = 1.1026x − 0.8897, R2 = 0.9929), sensitivity (2.04 ± 0.39 pg/well, n = 15), intra-assay (CV 
4% for high-binding internal control, and CV 6% for low-binding internal control) and inter-assay 
variation (CV 2% for high-binding internal control, CV 12% for low-binding internal control). 
Dilution factors were 1:8 for male woylies and 1:16 for female woylies (Hing et al. 2016a). It should 
be noted that cortisol metabolism, chiefly by the liver and accumulation of FCM in faeces, occurs 
over time (von der Ohe and Servheen 2002). Hence, FCM measured at the point of translocation were 
not a reflection of acute translocation stress but a reflection of host stress physiology in the period 
immediately preceding the translocation. 
Parasitology Analyses 
We performed simple faecal flotation as described by Northover et al. (2015) to count helminth 
parasite eggs and detect coccidian protozoan parasite oocysts. Briefly, 1 g of each faecal sample was 
suspended in supersaturated sodium nitrate (NaNO3) solution (SG 1.37) for 15 min using 
Fecalyzer® containers (EVSCO Pharmaceuticals, USA; modified from Zajac and Conboy 2012). To 
gain a semi-quantitative estimate of parasite eggs per gram, we systematically scanned the area under 
the coverslip (22 mm × 22 mm) under a BX51 microscope (Olympus, Japan) at 10× objective using 
white light. We counted only strongyle and Strongyloides-like eggs as these were the major groups 
observed. The presence of coccidian oocysts (0 or 1) was also noted, but they were not counted due to 
often innumerable numbers. 
An established, validated PCR protocol was used to detect Trypanosoma protozoan haemoparasites in 
peripheral blood samples (Botero et al. 2013; Dunlop et al. 2014; Hing et al. 2016a). Extraction and 
PCR amplification of whole genomic DNA of Trypanosoma was carried out using a DNA Blood Kit 
(Qiagen, Hilden, Germany). The positive control was derived from a known stock, and the negative 
control contained neither blood nor tissue. 
 
Statistical Analyses 
We used a linear mixed effects model to investigate the question: Did translocation influence woylie 
stress physiology? The response variable was FCM concentration (pg/g), which was log-transformed 
to fulfil the model assumptions of data conforming to a normal distribution. Fixed effects included 
translocation and host factors that may also influence FCM: stage of translocation (before, at or after), 
site (Perup Sanctuary, Warrup or Walcott), residence status (resident or translocated), sex (male or 
female) and body condition index. As in previous studies, body condition index was derived as the 
residuals from a regression of head length to weight; it was calculated separately for males 
(p = <0.001, co-efficient = 20.41, R2 = 0.17) and females (p = <0.001, co-efficient = 23.42, R2 = 0.23) 
and adjusted for pouch young size in females (as pouch young size contributes to weight) (Northover 
et al. 2015). Woylie identification was included as a random effect in all models, as some individuals 
(n = 20) were caught in more than one trapping session. 
We also used linear mixed-effect models to investigate whether parasite infection patterns influenced 
the stress physiology of translocated woylies at translocation and after translocation (as this compares 
results immediately prior to the translocation and after the translocation). Fixed effects were: stage of 
translocation, ivermectin treatment, strongyle egg count, Strongyloides-like egg count, the presence or 
absence of coccidian oocysts and trypanosome status. Strongyloides-like and strongyle egg counts 
were scaled prior to analysis using ‘rescale’ in the R package ‘MASS’ (Ripley et al. 2015). The model 
was re-run with and without outlier results for Strongyloides-like egg counts. 
The maximal models for both sets of analyses included all fixed effects and their two-way 
interactions. To determine the minimal adequate models, we undertook model simplification by step-
wise reduction, removing non-significant terms from the maximal model until further model 
reductions resulted in significant changes in model deviances (Crawley 2007). Significance (p ≤ 0.05) 
was tested in a likelihood ratio test (χ2). Models were run in R 3.1.0 (R Core Team 2013) using the 
packages ‘lme4’ (Bates et al. 2014) and ‘car’ (Fox and Weisberg 2011). 
 
Results 
Host and Translocation Factors Influencing FCM 
Before translocation, the highest mean FCM was at Walcott, moderate at Warrup and the lowest at 
Perup Sanctuary. After translocation (December 2014), in both translocated and resident woylies, 
FCM was significantly higher compared to before (March–May 2014) or at translocation (June 2014) 
(Table 2; Fig. 1a). However, when comparing the translocated and resident individuals after 
translocation, there was no significant difference in mean log-transformed FCM between resident 
(3.30 ± 0.06 pg/g, n = 90) and translocated woylies (3.37 ± 0.10 pg/g, n = 23) (p > 0.05). 
Host factors also influenced FCM in both resident and translocated woylies (Table 2). After 
translocation, there was a significant negative relationship between FCM and body condition index 
(BCI), with higher FCM associated with lower BCI (Fig. 1b), while at other time-points there was no 
significant relationship between BCI and FCM. Sex had a significant influence on FCM, both on its 
own and in interactions with site and stage (Fig. 1c, d). At translocation, males and females had 
similar mean FCM, whereas before and after translocation females had higher mean FCM. Across all 
sites, FCM was higher in females than in males (Fig. 1d). 
Parasite Factors Influencing FCM 
One or more Trypanosoma species were detected in 46% (103/223) of the blood samples included in 
this study. Strongyle and Strongyloides-like eggs were ubiquitous in woylie faecal samples, with egg 
counts up to 393 and 154 eggs per gram of faeces, respectively. Coccidia oocysts were detected in 
16% (35/223) of faecal samples. 
Parasite factors were related to FCM in translocated woylies (Table 3). At the time of 
translocation, Strongyloides-like egg count increased as FCM decreased, but there was no relationship 
between Strongyloides-like eggs and FCM after translocation (Fig. 2a). Including or omitting outlier 
values for Strongyloides-like egg counts did not alter which variables were identified as significant. 
Parasite types also influenced FCM in translocated woylies. Mean FCM was lowest when both 
trypanosomes and coccidia were detected, compared to when either or neither were detected (Fig. 2b). 
When trypanosomes were detected, there was a significant negative relationship between strongyle 
egg count and FCM (Fig. 2c). Anti-parasitic drug treatment did not significantly affect FCM. After 
translocation, there was no significant differences between the mean log-transformed FCM of woylies 
treated with the anti-parasitic (3.15 ± 0.14 pg/g, n = 12) and untreated woylies 
(3.56 ± 0.13 pg/g, n = 11) (p > 0.05). 
 
Discussion 
We measured FCM and parasite infection parameters in woylies during translocation to help address 
the paucity of studies measuring stress physiology and infection indices in relation to fauna 
translocations. We found that FCM in woylies varied significantly during the translocation. In 
addition, we identified host and parasite factors, such as body condition index and an interaction 
between micro- and macro-parasites, that were associated with variations in the stress physiology of 
woylies during translocation. 
The Influence of Translocation on Woylie Stress Physiology 
FCM was highest 6 months after translocation, but there was no significant difference between 
residents and translocated woylies. These results may indicate that translocation was a stressful 
experience for both translocated and resident woylies or, alternatively, that they were responding to 
stressors independent of the translocation. With respect to the first proposition, studies comparing the 
stress physiology of translocated and resident free-ranging wildlife before and after translocation are 
rare (Pinter-Wollman et al. 2009); however, a transient (days to weeks) stress response to the 
introduction of new animals has been noted in newly introduced (Patt et al. 2012) and resident 
(Schmid et al. 2001) animals. In a study of translocated and control zebra, following an initial 
increase, FCM returned to before translocation levels within 11–18 weeks, suggesting zebra had 
acclimated to their new environment (Franceschini et al. 2008). In contrast, we did not find evidence 
for a return to before translocation FCM levels in translocated or resident woylies 6 months after 
translocation. It would be concerning if translocation entailed prolonged elevations in glucocorticoids, 
which can have a negative impact on fitness (Bonier et al. 2009). 
Alternatively, resident and translocated woylies may have been responding similarly to stressors 
independent of the translocation, such as seasonal changes (Romero 2002) or exposure to predators 
(Scheuerlein et al. 2001) or monitoring activities (Teixeira et al. 2007). FCM in captive woylies is 
significantly influenced by season, although the seasonal peak in captive woylies occurs in the cooler 
seasons (Hing et al. 2016b). The peak in FCM observed 6 months after translocation (December, 
austral summer) may also have coincided with increased stress associated with feral cat abundance, 
which reaches a summer maxima in some parts of Australia (Jones and Coman 1982). The predator 
stress hypothesis is supported by our finding that before the translocation, mean FCM was lowest in 
Perup Sanctuary, a feral-predator free fenced area and higher at the destination sites where foxes and 
cats are present (Yeatman and Groom 2012). 
Future study design elements that would improve our understanding of stress physiology in woylie 
translocations include: sampling of comparative control reference population(s) not influenced by 
translocations, more complete sampling before translocation to ascertain baseline FCM over time and 
serial sampling after translocation. For example, more frequent sampling after translocation would 
allow assessment of the short-term physiological response to translocation or definition of the time 
period over which populations return to before translocation FCM levels. Information about woylies’ 
physiological response to population density, intraspecific and inter-specific competition for 
resources, predation and seasonal changes would also improve our understanding of the relative 
significance of potential stressors. To determine whether higher FCM after translocation is indicative 
of biologically significant HPA axis dysfunction, translocated and resident animals could be exposed 
to experimental stressors, such as a standardised capture-restraint ‘hold’(Anderson et al. 2015) or 
administration of exogenous agents to assess HPA axis negative feedback (Dickens et al. 2010). 
However, this may be logistically and ethically challenging in woylies and other free-ranging wildlife. 
 
The Influence of Host Factors on the Stress Physiology of Woylies During Translocation 
Body Condition 
After translocation, not only was mean FCM at its peak, higher FCM was also associated with lower 
BCI. Links between host stress physiology and body condition are unsurprising given that 
glucocorticoids, including cortisol, are known to regulate a number of factors that influence body 
condition, such as energy metabolism, exercise and feeding behaviour (Moberg and Mench 2000). 
Higher faecal corticosterone metabolites were similarly associated with lower body mass index in 
translocated European wild rabbits (Cabezas et al. 2007). The significant negative relationship 
between BCI and FCM after translocation (and not before or at the point of translocation), may be 
indicative of translocation stress (Teixeira et al. 2007) or seasonal changes in stress physiology and 
condition (Mumby et al. 2015). For example, seasonal variation in resource availability may influence 
both BCI and FCM. Ninety per cent of the woylies’ diet is mycorrhizal fungi (underground truffles). 
The abundance of these fungi have been shown to diminish in summer (Meney et al. 1993) which 
may have contribute to nutritional stress and diminished body condition 6 months after translocation 
(December 2014, austral summer). 
Sex 
Across all sites, females had higher FCM than males. This pattern is consistent with previous findings 
in woylies (Hing et al. 2016b) and other marsupials (Kemper et al. 1989; Dowle et al. 2012; Narayan 
et al. 2013). It is likely that sex differences are associated with inherent endocrine differences between 
male and females (Handa et al. 1994) as well as sex differences in response to varying population 
(e.g. density) or site attributes (e.g., predators, resources). Given that these patterns in host stress 
physiology could influence how male and female woylies respond to translocation, it may be pertinent 
to explore the implications of sex differences for woylie translocation protocols. Indeed, in a 
comprehensive review of translocation stress, Teixeira et al. (2007) suggested that sex differences in 
stress response to translocation was a neglected area requiring further exploration. 
 
The Influence of Parasite Infection on the Stress Physiology of Translocated Woylies 
Parasite infection levels were related to FCM in translocated woylies but not as predicted. Parasite 
richness, or the number of parasite species, has been found to correlate with FCM in other wildlife 
species (Muehlenbein 2006). Hence, we expected that FCM would be highest when concurrent 
infections by more than one parasite type were found. Unexpectedly, FCM was lowest when both 
trypanosomes and coccidia were detected in translocated woylies, compared to when either or neither 
were detected. We may infer from this that during the present study, woylies were physiologically 
able to tolerate concurrent infection by likely endemic parasites such as Trypanosome and coccidians 
due to a long shared evolutionary history (St Juliana et al. 2014). 
There was a significant negative relationship between strongyle egg count and FCM when 
trypanosomes were detected in translocated woylies. These results may reflect the complex 
interactions between host stress physiology, immune function and parasite infection (Ezenwa and 
Jolles 2011). A vital component of immunity to parasites is where T-helper cells coordinate key arms 
of the immune system (T-helper response) (Spellberg and Edwards 2001). The T-helper 1 (Th1) 
response is important for defence against micro-parasites (intracellular life stages, such as 
trypanosomes) and the T-helper 2 (Th2) response is key to defence against macro-parasites (extra-
cellular, such as strongyle nematodes) (Spellberg and Edwards 2001). Cortisol and other 
neuroendocrine HPA axis mediators can shift the immune response from Th1 to Th2 (Padgett and 
Glaser 2003). Higher FCM in translocated woylies may have favoured a Th2 response, leading to 
decreased strongyle egg count and a diminished Th1 response, leading to detection 
of Trypanosoma. However, it should be noted that little is known about woylie immune response to 
parasites (Hing et al. 2016a), and, in other species, the response is complex and influenced by more 
than simply the balance between Th1 and Th2 responses (Gossner et al. 2012). For instance, further 
investigation into the complex host, season and parasite factors which influence Strongyloides-like 
egg counts in woylies is needed to understand the relationship between and host stress physiology and 
these parasite parameters. 
 
Lastly, we found no evidence that anti-parasitic treatment alleviated physiological stress associated 
with parasite infection. This follows from the parallel study on the same translocation event that 
questioned the benefits of treating woylies during translocation given the lack of apparent benefit to 
host health (Northover et al. 2015). 
 
Conclusion 
This study provides rare insight into variations in host physiology and parasite infection parameters 
during translocation of a critically endangered species. After translocation, we found that FCM was 
highest and body condition decreased with increasing FCM, which may be indicative of translocation 
stress or stress associated with factors independent of the translocation. In addition, interactions 
between parasite types were related to FCM in translocated woylies, which may underscore important 
relationships between stress physiology, immune function and parasite infection. While woylies may 
be able to tolerate concurrent infection by endemic parasites, our results confirm outstanding 
hypotheses that stress physiology and infection patterns can change significantly during translocation 
and further investigation is required to determine how these patterns influence translocation success. 
An improved understanding of how host stress physiology may change over space, time, and 
according to factors such as population density and predators would help elucidate how woylies 
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Translocated 4 39 n/a 43 
Resident 41 n/a n/a 41 
Destinations 
 Warrup Translocated n/a n/a 18 18 
Resident 15 n/a 48 63 
 Walcott Translocated n/a n/a 5 5 
Resident 11 n/a 42 53 










Table 2 Summary of the Minimal Adequate Linear Mixed Effects Model of Host and Translocation 
Factors Influencing FCM (Log-Transformed) in Translocated and Resident Woylie Combined (There 
Being no Significant Difference Between Them) 
Fixed effects Coefficient SE df χ2 p value 
Site* 
 Perup Sanctuary −1.187 0.296 2 38.892 <0.001 
 Walcott 2.027 0.422 
 Warrup 1.775 0.379 
Stage* 
 Before −0.770 0.292 2 60.074 <0.001 
 At translocation 0.675 0.369 
 After 0.233 0.305 
Sex* 
 Male −0.674 0.253 1 20.379 <0.001 
 Female 0.234 0.196 
Body condition index −0.002 0.001 1 3.512 0.061 
Site: stage* −0.752 0.353 1 4.541 0.033 
Site: sex* −0.583 0.442 2 13.189 0.001 
Stage: sex* 1.076 0.319 2 23.354 <0.001 
Stage: BCI* 0.003 0.001 2 12.393 0.002 
Sex: BCI 0.001 0.001 1 3.157 0.076 
 
Asterisks (*) indicate significant terms 
Table 3 Summary of the Minimal Adequate Linear Mixed Effects Model of Parasite Factors 
Influencing FCM (Log-Transformed) in Translocated Woylies 
 
Fixed effects Coefficient SE df χ2 p value 
Strongyle egg count −0.108 0.145 1 1.827 0.176 
Strongyloides-like egg count* −0.440 0.159 1 10.922 0.001 
Trypanosome status −0.519 0.158 1 2.612 0.106 
Coccidia status −0.429 0.237 1 0.051 0.821 
Strongyle egg count: Trypanosome status* −0.904 0.363 1 6.194 0.013 
Strongyloides-like egg count: Trypanosome 
status 
−0.419 0.320 1 1.712 0.191 
Strongyloides-like egg count: stage* 4.506 1.350 1 11.134 0.001 
Trypanosome status: Coccidia status* 0.998 0.331 1 9.064 0.003 
 
 








Figure 1 Host and translocation factors influencing FCM (log-transformed) in woylies. Note resident 
and translocated individuals are pooled together because residence (translocated vs. resident) had no 








Figure 2 Parasite factors influencing FCM (log-transformed) in translocated woylies 
 
 
